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There are two independent molecules in the asymmetric unit 
of the title compound, C 12 H 9 N 5 , in which the C— N(amine) — 
C angles differ slightly [129.63 (11) and 132.02 (11)°]. In each 
independent molecule, an intramolecular C— H- ■ -N hydrogen 
bond stabilizes the molecular structure, forming an 5(6) ring 
motif. The independent molecules are linked via an N— H- ■ -N 
hydrogen bond. Further N— H- ■ N and C— H- ■ N hydrogen 
bonds connect the molecules into chains along c axis. Pairs of 
C— H- ■ -it interactions between the chains lead to sheets 
parallel to the b axis. These are linked by tt-jt interactions 
between the naphthyridine and pyrazine rings [centroid- 
centroid separations of 3.553 (8) A] into a three-dimensional 
supramolecular network. 

Related literature 

For related structures, see: Alvarez-Rua et al. (2004); Basato et 
al. (2006); Ghosh et al. (2010); Jin et al. (2010, 2011). For 
graph-set analysis, see: Bernstein et al. (1995). 




Experimental 

Crystal data 

C 12 H 9 N 5 
M r = 223.24 
Triclinic, PI 
a = 7.8608 (3) A 
b = 11.8200 (5) A 
c = 11.9356 (4) A 



a = 105.096 (2)° 
P = 98.086 (2)° 
y = 101.854 (2)° 
V = 1025.53 (7) A 3 
Z = 4 

Mo Ka radiation 



ju. = 0.09 mrri 
T = 100 K 

Data collection 

Bruker SMART APEX CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2001) 
T min = 0.927, 7/ maI = 0.991 

Refinement 

R[F 2 > 2a(F 2 )} = 0.031 

wR(F 2 ) = 0.074 

S = 0.93 

3606 reflections 



0.28 x 0.2 x 0.18 mm 



16351 measured reflections 
3606 independent reflections 
2557 reflections with I > 2a(I) 
R<„, = 0.037 



308 parameters 

H-atom parameters constrained 
A/w = 0.18 e A~ 3 
A/> mi „ = -0.20 e A~ 3 



Table 1 

Hydrogen-bond geometry (A, °). 

Cgl is the centroid of the N22/C23-C25/C29/C30 ring. 



D-H- - A 




D-H 


H-A 


D-A 


D-H- - A 


C27-H27- 


■N33 


0.93 


2.33 


2.9318 (17) 


122 


C17-H17- 


■Nl 


0.93 


2.24 


2.8518 (17) 


123 


N31-H31- 


■N2 


0.86 


2.14 


2.9396 (15) 


154 


Nll-Hll- 


■N22' 


0.86 


2.23 


3.0766 (15) 


171 


C26-H26- 


■N16 u 


0.93 


2.51 


3.3608 (17) 


152 


C15-H15- 


■Cgl" 


0.93 


2.74 


3.472 (2) 


136 


Symmetry codes: (i) — x 


, -v + 1, — z 


(ii) -x, -y J 


- 1, -z + 1; (iii) x,y-l 


-l,z. 



Data collection: SMART (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 2012); software used to prepare 
material for publication: WinGX (Farrugia, 2012). 

Financial support for this study came from the National 
Science Council of the Republic of China, the Natural Science 
Foundation of Shaanxi Province (No. 2012JM2011) and the 
Education Department of Shaanxi Province special scientific 
research plan (No. 11JK0606). 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: RK2390). 
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N-(Pyrazin-2-yl)-1,8-naphthyridin-2-amine 

Yan-Shan Duan, Wen-Zhen Wang, Yuh-Sheng Wen, Yu-Qin Zhu and Shie-Ming Peng 
Comment 

1,8-Naphthyridine, a simple heterocycle compound with two ring nitrogen atoms as hydrogen bond acceptors, has been 
widely used by various groups in the area of molecular recognition research as hydrogen bonding building block. Some 
interesting coordination polymers assembled with 1 ,8-naphthyridine have been reported, showing various structural 
motifs (Alvarez-Rua et al, 2004; Basato et al, 2006; Ghosh et al, 2010; Jin et al, 2010; Jin et al, 2011). The title 
compound, C12H9N5, 1, contains an array of hydrogen bond NH donors and N acceptors and therefore follow different 
hydrogen bonding packing patterns. In this paper, we report its crystal structure, which crystallizes with two unique 
molecules, A & B (Fig. 1), focusing on three-dimensional supramolecular network via weak noncovalent interactions. 

The molecular structure of the title compound is shown in Fig. 1. The C — N(amine) — C angles of the two chemically 
equal molecules in the dimer are slightly diferent, showing 129.63 (11)° and 132.02 (11)°, for molecule^ and B, 
respectively. Two intramolecular hydrogen bonds C27 — H27---N33 and C17 — H17--N1 (Table 1) stabilize the molecular 
structure and result in an 5(6) ring motif (Bernstein et al, 1995). Two independent molecules in the title compound form 
a molecular pair via N31 — H31---N2 hydrogen bonds (Fig. 1). Nil — H11---N22 1 intermolecular hydrogen bonds link 
dimer molecules into rings as basic expanding units, which are joined into one-dimensional chains along c axis through 
C26 — H26---N16" hydrogen bonds (Fig. 2). Pairs of C15 — H15--Cg™ interactions between the chains construct sheets 
parallel to b axis (Fig. 3). Extensive three dimensional supramolecular networks are formed by n—n interactions between 
the naphthyridine and pyrazine rings with centroid-centroid separations of 3.553 (8)A propagating along a axis (Fig. 4). 
Symmetry codes: (i) -x, -y+\, -z; (ii) -x, -y+l, -z+l; (iii) x,y+l, z. 

Experimental 

Amixture of 2-chloro-l,8-naphthyridine (8.0 g, 40 mmol), pyrazin-2-amine (4.6 g, 48 mmol), Pd2(dba)3 (0.73 g, 0.80 
mmol) (dba is dibenzylideneacetone), l,3-bis(diphenylphosphino)propane (0.66 g, 1.6 mmol) and5w'0K (13.1 g, 136 
mmol) in dry toluene (350 ml) was refluxed under argon with stirring for 4 days. The crude product was washed with 
water, benzene and methanol and recrystallized from acetone. 

Refinement 

The H atoms attached to C and N atoms were positioned geometrically and refined using in the riding model, with C — H 
= 0.93 A, N— H = 0.86 A and XJ-Jtf) = 1.2 U eq (C,N). 

Computing details 

Data collection: SMAR T (Bruker, 2007); cell refinement: SAINT (Bruker, 2007); data reduction: (Bruker, 2007); 

program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 2012); software used to prepare material for 
publication: WinGX (Farrugia, 2012). 
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Molecule A 




Molecule B 



Figure 1 

The molecular structure of I with the atom numbering scheme. Displacement ellipsoids are drawn at the 30% probability 
level. H atoms are presented as a small spheres of arbitrary radius. H bonds are indicated by dashed lines. 



N16" 
H26 






Figure 2 

Chains parallel c axis in the crystal structure of I. H bonds are indicated with dashed lines. Symmetry codes: (i) -x, -y+1, 
z; (ii) -x, -y+1, -z+1. 
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Figure 3 

A sheet parallels & axis in the crystal structure of I. H bonds are indicated with dashed lines. Symmetry code: (iii) x, y+\, 



z. 




Figure 4 

Three dimensional network in the crystal structure of I via n-n interactions between the naphthyridine and pyrazine rings. 
H bonds are indicated with dashed lines. Naphthyridine and pyrazine rings paired with it— % interaction are presented as 
spacefilled. 



iV-(Pyrazin-2-yl)-1,8-naphthyridin-2-amine 

Crystal data 

C, 2 H 9 N 5 
Mr = 223. 24 
Triclinic, PI 
Hall symbol: -P 1 
a = 7.8608 (3) A 
6=11.8200 (5) A 
c= 11.9356 (4) A 
ct= 105.096 (2)° 
P= 98.086 (2)° 



y= 101.854 (2)° 
V= 1025.53 (7) A 3 
Z=4 

F(000) = 464 

D x = 1.446 MgnT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 5652 reflections 

(9 = 2.7-29.1° 

fi = 0.09 mm" 1 
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T= 100 K 
Prism, yellow 

Data collection 

Bruker SMART APEX CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Bruker, 2001) 
7^ = 0.927,7^ = 0.991 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F>2a(F 2 )] = 0.031 

wR(F*) = 0.074 

5=0.93 

3606 reflections 

308 parameters 

0 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 



0.28 x 0.2 x 0.18 mm 



16351 measured reflections 
3606 independent reflections 
2557 reflections with I > 2a(I) 
Rm = 0.037 

ftnax ~ 25.0°, 8 m i n = 1.8° 

h = -8^9 
£ = -14_>14 

/= -14^14 



Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F 2 ) + (0.041 IP) 2 ] 

where P = (F 2 + 2F 2 )/3 
(A/(7) max < 0.001 
Ap max = 0.18 e A~ 3 
A/w = -0.20 e A~ 3 

Extinction correction: SHELXL97 (Sheldrick, 

2008),Fc*=kFc[l+0.001xFc 2 l 3 /sin(26>)]- 1/4 
Extinction coefficient: 0.0042 (11) 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 
correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted P-factor wR and goodness of fit S are based on F 2 , 
conventional P-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > aiF 2 ) is used 
only for calculating P-factors(gt) etc. and is not relevant to the choice of reflections for refinement. P-factors based on F 2 
are statistically about twice as large as those based on F, and P-factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


Tl */T7 

^iso ' ^eq 


Nl 


0.22552 (13) 


0.57902 (10) 


0.04843 (9) 


0.0189 (3) 


N2 


0.21678 (14) 


0.40952 (10) 


0.10986 (9) 


0.0201 (3) 


Nil 


0.22899 (14) 


0.75053 (10) 


-0.01282 (9) 


0.0209 (3) 


Hll 


0.2565 


0.7845 


-0.0656 


0.025* 


N13 


0.14424(14) 


0.92338 (10) 


0.06217 (10) 


0.0222 (3) 


N16 


0.09496 (15) 


0.86566 (11) 


0.26882 (10) 


0.0260 (3) 


N21 


-0.04515 (14) 


0.29804 (9) 


0.29392 (9) 


0.0196 (3) 


N22 


-0.27965 (14) 


0.13223 (10) 


0.21168 (10) 


0.0234 (3) 


N31 


0.18130(14) 


0.46608 (10) 


0.35900 (9) 


0.0213 (3) 


H31 


0.1625 


0.4602 


0.2847 


0.026* 


N33 


0.36229 (14) 


0.58552 (10) 


0.54390(10) 


0.0238 (3) 


N36 


0.52942 (15) 


0.73882 (10) 


0.42486(10) 


0.0277 (3) 


C3 


0.23662 (17) 


0.29818 (12) 


0.09116(12) 


0.0230 (3) 
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TJ J 

H5 


A 11 /ZA 

U.zl04 






0.2o0 / 


A 1 A Cil 

0.1493 


A AO O* 




/ - A 

G4 


A lOf f 1 /1TN 

0.28551 (17) 






A O O O C O / 1 O N 

0.23258 (12) 


A A A O A /I /I 1\ 

-0.00894 (12) 


A AO 1 O /I N 

0.0238 (3) 




TJ A 

H4 


0.2998 






A IffA 

0.1550 


A AJ /TO 

0.01 62 


a non* 
0.029^ 




C5 


0.31171 (17) 






0.28572 (12) 


-0.09594 (12) 


A AOI O /") N 

0.0232 (3) 




i ir 

H5 


n 1/11/1 

0.3434 






A O A A A 

0.2444 


a 1 /"/n 
—0. 1642 


A AO O * 

0.028* 




Co 


A 0 1 1 C/C / 1 r 7\ 

0. 31100 (1 /) 






0.400/ / (13) 


A 1 zC/CI 1 /1 ON 

—0.16631 (12) 


A AOOA /ON 

0.0229 (3) 




TJ/, 

ho 


A 0 /I ac 

0.3403 






A A 1 A1 

0.4303 


A 111/ 

—0.23 /6 


A AO*7* 

0.02 /* 




C / 


a oonoT /1 n\ 
0.2898 / (1 /) 






0.5 /y lb (13) 


A 1 A 1 A1 / 1 ON 

—0.14393 (12) 


A AOOO /ON 

0.022 / (3) 






U.302O 






A /TO 1 O 

o.oziy 


A 1 Ofll 

— 0.19V5 


A AOT* 

U.U2 




C8 


A 1/1/"11 / 1 /^N 

0.24673 (16) 






A /") /I 1 A / 1 ON 

0.63419 (12) 


A AIIOH /1 ^>N 

-0.03287 (12) 


A A 1 O O /O N 

0.0188 (3) 




C9 


(J. 24464 (16) 






U. 46328 (12) 


U.U2396 (11) 


A A 1 HH /O N 
0.01 / / (3) 




CIO 


0.29047 (16) 






A /l A1A/I /ION 

0.40294 (12) 


-0.08155 (11) 


A A 1 A A /O N 

0.0190 (3) 




Clz 


0.1 /554 (1 /) 






a 00 11/: /ION 

O.ozllo (lz) 


U.U /y53 (11) 


A A 1 QO /Tt 

0.0152 (5) 




C14 


A AOll 1 /1 0\ 

0.08721 (18) 






A AA1AO /1 ON 

0.99392 (12) 


A 1 ASICS' /1^N 

0.14756 (12) 


A AO O "7 /IN 

0.0237 (3) 




TT1 /I 
H14 


A A/^O 

0.0626 






1 AzT /I T 

1.0647 


A 11T/1 

0.1374 


A AO O * 

0.028* 




C15 


A A/"OOC /1 ON 

0.06335 (18) 






0.96630 (12) 


A 1 /I AA1 /1 ^\ 

0.24991 (12) 


A AOIC /ON 

0.0235 (3) 




TJ 1 C 


A AO /I 1 

U.0245 






1 r\i on 
1.0159 


A 1AT1 

0.50 /z 


A AO O* 




C17 


A 1 /I OO A /1 ON 

0.14880 (18) 






A 1A1TO /1 1\ 

0.79278 (13) 


A 1010C /11N 

0.18385 (11) 


A All A /ON 

0.0234 (3) 




ttit 

H17 


0.1705 






A Tl 1 1 

0.7213 


A 1 A1 A 

0.1939 


A AO O sk 

0.028* 




/"<o 1 

L23 


A lOOTO /ION 

-0.38828 (18) 






A A ") C "7 1 /ION 

0.03571 (13) 


A O O O O O /I 1\ 

0.22223 (13) 


A AO H 1 //IN 

0.0261 (4) 




TJO J 


f\ AH 1 O 

— 0.4 / 18 






— U.U141 


0.1555 


A AO 1 * 

U.U5 1 * 




C24 


A oo/~oi /1A\ 

-0.38621 (19) 






A A A") A /~ /I 1\ 

0.00346 (13) 


All/'OI /I 1\ 

0.32681 (13) 


A AO Ol / A\ 

0.0281 (4) 




T TO /I 

H24 


—0.4634 






A A C "7 A 

-0.0670 


All 

0.3282 


A AO A * 

0.034* 




/~i O r - 

C25 


A 1/"niA /1 ON 

-0.26920 (18) 






a f\n h r\r\ /1 on 

0.07709 (12) 


A /1^/"1A /1 1\ 

0.42639 (13) 


A AO n //IN 

0.0257 (4) 




TJO C 


— O.zo /z 






A ACO/I 

0.0554 


A ACtHZ 

0.4y id 


U.U3 1 T 




/~<o /: 

L26 


A /VI C 1 A /1 TN 

-0.02570 (17) 






0.26653 (12) 


A C 1 O A f\ { J ON 

0.51840 (12) 


0.0224 (3) 




t to /: 

H26 


A A 1 H C 

—0.0175 






0.2559 


A f A1 1 

0.5933 


A An* 

0.027* 




Cz/ 


A AOI If /I ON 

0.08325 (18) 






A O /TO /TO /J ON 

0.36368 (12) 


U.5U3U9 (12) 


A AO n 

\j.\jll5 (3) 




TJT7 

riz / 


a 1 /:io 

0. lo5y 






0.4Z14 


U.56 /U 


u.uz /* 




C28 


A A"71 1 /I /1 1\ 

0.07114 (17) 






A 1 T C A 1 /ION 

0.37501 (12) 


A 1 OHAO /] l\ 

0.38708 (12) 


A A 1 A 1 /O N 

0.0191 (3) 




pin 
C29 


a 1 c oic /1 n\ 

—0.15825 (1 /) 






A iai on / 1 ON 

0.2038 / (12) 


A O 1 AO/C ^1 ON 

0.51086 (12) 


A A 1 A A /*} \ 

U.U194 (3) 




C30 


A 1 a AO / 1 ON 

-0.15148 (18) 






a ion/: /1 1\ 

0.18136 (12) 


A A 1 1 ZTO / 1 ON 

0.42162 (12) 


A A 1 \ 

0.0201 (3) 




C32 


U. 3 1538 (1 /) 






A C/ZA A A /I 0\ 

0.50440 (12) 


A /I 1 / 1 o\ 

0.42 /ol (12) 


A A1 OO /1\ 

U.Uloo (3 ) 






A ZLQ447 (\ SOi 






U.DojM-U ^ 1 J) 


W.OWW 11 ^ 1 J ) 


U.WZOo ^ ) 




H34 


0.5317 






0.7046 


0.6818 


0.032* 




C35 


0.57667 (19) 






0.76004 (13) 


0.54274 (13) 


0.0291 (4) 




H35 


0.6679 






0.8275 


0.5865 


0.035* 




C37 


0.39957 (17) 






0.64185 (12) 


0.36948 (13) 


0.0228 (3) 




H37 


0.3617 






0.6237 


0.2880 


0.027* 




Atomic displacement parameters (A 2 ) 




U n 


U 22 






U 12 






Nl 


0.0177 (6) 


0.0199 (7) 


0.0191 (7) 


0.0044 (5) 


0.0036 (5) 


0.0062 (6) 


N2 


0.0206 (7) 


0.0181 (7) 


0.0208 (7) 


0.0028 (5) 


0.0040 (5) 


0.0064 (5) 


Nil 


0.0256 (7) 


0.0230 (7) 


0.0192 (6) 


0.0083 (5) 


0.0100 (5) 


0.0103 (6) 


N13 


0.0249 (7) 


0.0188 


(7) 


0.0238 (7) 


0.0058 (5) 


0.0058 (6) 


0.0072 (6) 


N16 


0.0345 (7) 


0.0259 (7) 


0.0207 (7) 


0.0129 (6) 


0.0076 (6) 


0.0071 (6) 


N21 


0.0220 (7) 


0.0188 


(7) 


0.0187 (6) 


0.0062 (5) 


0.0059 (5) 


0.0051 (6) 


N22 


0.0243 (7) 


0.0218 


(7) 


0.0230 (7) 


0.0043 (6) 


0.0071 (6) 


0.0049 (6) 
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N36 
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A A A A ( £\ 

0.0060 (6) 


A AACA 1 £\ 

0.0050 (6) 


A A A /I A 

0.0049 (6) 


/~10 

C3 




A AO 1 A ZO\ 

0.0210 (8) 


A AOAO /A\ 

0.0208 (9) 


A AO A A ZO\ 

0.0249 (8) 




0.0006 (7) 


A AAOO in\ 

0.0022 (7) 


A AAOO /T\ 

0.0083 (7) 


C4 




A AO A C ZO\ 

0.0205 (8) 


A A 1 O ZO\ 

0.0186 (8) 


A AOOC /CW 

0.0285 (9) 




A AAO O { £\ 

0.0038 (6) 


A A A 1 A fH\ 

0.0014 (7) 


A AAO A /"7\ 

0.0034 (7) 


L5 




A A 1 OA ZO\ 

0.0179 (8) 


A AO A O /A\ 

0.0242 (9) 


A AOOO" ZO\ 

0.0227 (8) 




A AA C /_ {H\ 

0.0056 (7) 


A AAO/^ / £L\ 

0.0026 (6) 


A AAAzT /H\ 

-0.0006 (7) 


Co 




A AOAO ZO\ 

0.0208 (8) 


A AO O 1 /A\ 

0.0321 (9) 


a a 1 zn /o\ 

0.0157 (s) 




A AAAO in\ 

0.0093 (7) 


0.0056 (6) 


A A A A O /T\ 

0.0042 (7) 


C7 




A AT) A ZO\ 

0.0230 (8) 


A AO A 1 /n\ 

0.0291 (9) 


A A 1 A A (0\ 

0.0194 (8) 




A AAOC {H\ 

0.0085 (7) 


A A A A C~l \ 

0.0069 (7) 


A AAAO ZO\ 

0.0098 (7) 


Co 




A A 1 1 jC SH\ 

0.0136 (/) 


0.0221 (8J 


A AO A 1 /C^ 

0.0201 (8) 




0.0041 (6) 


A AA 1 C ( C\ 

0.0016 (6) 


0.0066 ( /) 


L9 




A A 1 OA SH\ 

0.0129 (7) 


A A 1 AO ZO\ 

0.0193 (8) 


A A 1 OA ZO\ 

0.0180 (8) 




A AA 1 1 / £L\ 

0.0011 (6) 


A AAAO ( £\ 

0.0002 (6) 


A A A A 

0.0046 (6) 


L10 




0.0134 (7) 


A AO 1 £. ZO\ 

0.0216 (8) 


A A 1 ZO\ 

0.0186 (8) 




A AAO A 1 £\ 

0.0030 (6) 


A AAAT 

0.0007 (6) 


A AAOO /H\ 

0.0028 (7) 


C12 




A A 1 CO SH\ 

0.0157 (7) 


A A 1 C) A iO\ 

0.0184 (8) 


A A 1 OO ZO\ 

0.0183 (8) 




A AAO 1 { £\ 

0.0031 (6) 


A A A 1 H f£\ 

0.0017 (6) 


A A A A A 

0.0040 (6) 


C14 




A AO CO /0\ 

0.0252 (s) 


A A1 *7C ZO\ 
0.01 /5 (8) 


a AO/:n /a\ 
0.0269 (9) 




A AAO (H\ 

0.0053 (/) 


A AA1A /n\ 

0.0039 ( /) 


A AAC 1 in\ 

0.0051 (/) 


pi r 
C15 




a ao /: ,1 /o\ 

0.0264 (8) 


A AO AA ZO\ 

0.0209 (8) 


A AOOA ZO\ 

0.0220 (8) 




A AAOO {H\ 

0.0082 (7) 


A A A A O fH\ 

0.0043 (7) 


A AAO 1 /H\ 

0.0031 (7) 


C17 




A A'lAl /A\ 

0.0302 (9) 


A AO /I O /A\ 

0.0248 (9) 


A A1 OO ZO\ 

0.0188 (8) 




A A 1 o i /n\ 

0.0127 (7) 


0.0063 (7) 


A AATC / 1 \ 

0.0075 (7) 


L23 




A AO CO ZO\ 

0.0252 (8) 


A AOO £ /0\ 

0.0226 (8) 


A AOAO /A\ 

0.0293 (9) 




A AACO {H\ 

0.0052 (7) 


A AAA"? /"7\ 

0.0097 (7) 


A A A A 1 SH\ 

0.0041 (7) 


C24 




A AOAO /C\\ 

0.0302 (9) 


0.0226 (9J 


A ni A A /A\ 

0.0.349 (9) 




0.0062 (/) 


A A1 AH /o\ 

0.014 / (8) 


A A 1 A/C ZO\ 
0.0106 (8) 


PO C 

L25 




A AT O A /A\ 

0.0324 (9) 


A AO H 1 /A\ 

0.0271 (9) 


A AOCA /A\ 

0.0259 (9) 




A A 1 o o /n\ 

0.0132 (7) 


A A 1 A A (H \ 

0.0140 (7) 


A A 1 O O ZO"\ 

0.0132 (7) 


C26 




A AIT/" /o\ 

0.0276 (8) 


A ATOC / A\ 

0.0285 (9) 


f\ f\ 1 o A ZO\ 

0.0184 (8) 




A A 1 /II 

0.0141 (7) 


A AAAT / "7 \ 

0.0097 (7) 


A A 1 1 1 / "7 \ 

0.0112 (7) 


POO 

C27 




A AO A O /0\ 

0.0242 (8) 


A A1/TA / A \ 

0.0269 (9) 


A A 1 no /o\ 

0.0178 (8) 




A A 1 AO SH\ 

0.0108 (7) 


A AACA / £\ 

0.0050 (6) 


0.0064 (7) 


poo 
C28 




A AOAO /0\ 

0.020s (s) 


A A 1 OA ZO\ 
0.0189 (8) 


A AO 1 O ZO\ 

0.0218 (8) 




A A 1 AO {H\ 
0.0103 (/) 


A Anon ti\ 
0.0080 (/) 


A AAT 1 {H\ 
0.00/ 1 (/) 






0 09 1 9 i%\ 
VJ.UZ1Z yo ) 


0 01 89 (K\ 
U.U1 OZ ) 


0 099 1 (K\ 
KJ.KJZZl [of 




0 00Q9 (6\ 


0 00Q1 (1\ 


0 00^0 (1\ 


C30 




0.0228 (8) 


0.0210(8) 


0.0219 (8) 




0.0113 (7) 


0.0100 (7) 


0.0083 (7) 


C32 




0.0174 (8) 


0.0183 (8) 


0.0205 (8) 




0.0086 (6) 


0.0038 (6) 


0.0023 (7) 


C34 




0.0210(8) 


0.0309 (9) 


0.0245 (9) 




0.0096 (7) 


0.0024 (7) 


0.0003 (7) 


C35 




0.0217(8) 


0.0259 (9) 


0.0326 (10) 




0.0058 (7) 


0.0023 (7) 


-0.0012 (7) 


C37 




0.0217(8) 


0.0228 (8) 


0.0241 (8) 




0.0081 (7) 


0.0043 (7) 


0.0059 (7) 


Geometric parameters (A, ") 


Nl- 


-C8 




1.3134 


(15) 


C6- 


-C7 




1.3434 (18) 


Nl— C9 




1.3669 


(16) 


C6— C10 




1.4190(17) 


N2- 


-C3 




1.3218 


(16) 


C6- 


-H6 




0.9300 


N2- 


-C9 




1.3596 


(15) 


C7- 


-C8 




1.4346 (18) 


Nll- 


-C8 




1.3727 


(16) 


C7- 


-H7 




0.9300 


Nll- 


-C12 




1.3810 


(16) 


C9— C10 




1.4105 (18) 


Nll- 


-Hll 




0.8600 




C12- 


-C17 




1.4000(17) 


N13- 


-C14 




1.3321 


(17) 


C14- 


-C15 




1.3715 (17) 


N13- 


-C12 




1.3368 


(16) 


C14- 


-H14 




0.9300 


N16- 


-C17 




1.3286 


(16) 


C15- 


-H15 




0.9300 


N16— C15 




1.3316 


(16) 


C17- 


-H17 




0.9300 


N21- 


-C28 




1.3211 


(16) 


C23- 


-C24 




1.3957 (19) 


N21- 


-C29 




1.3534 


(15) 


C23- 


-H23 




0.9300 


N22- 


-C23 




1.3234 


(16) 


C24- 


-C25 




1.3568 (19) 


N22- 


-C29 




1.3628 


(16) 


C24- 


-H24 




0.9300 


N31- 


-C32 




1.3748 


(16) 


C25— C30 




1.4005 (18) 


N31- 


-C28 




1.3812 


(15) 


C25- 


-H25 




0.9300 


N31- 


-H31 




0.8600 




C26- 


-C27 




1.3545 (18) 


N33- 


-C32 




1.3277 


(16) 


C26- 


-C30 




1.4105 (18) 


N33- 


-C34 




1.3456 


(17) 


C26- 


-H26 




0.9300 
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N36— C37 
N36— C35 
C3— C4 
C3— H3 
C4— C5 
C4— H4 
C5— CIO 
C5— H5 



1.3143 (16) 
1.3459 (17) 
1.3947(19) 
0.9300 
1.3645 (18) 
0.9300 
1.3987 (19) 
0.9300 



C27— C28 
C27— H27 
C29— C30 
C32— C37 
C34— C35 
C34— H34 
C35— H35 
C37— H37 



1.4174(17) 

0.9300 

1.4108(17) 

1.4030(17) 

1.3674(19) 

0.9300 

0.9300 

0.9300 



C8— Nl— C9 
C3— N2— C9 
C8— Nil— C12 
C8— Nil— Hll 
C12— Nil— Hll 
C14— N13— C12 
C17— N16— C15 
C28— N21— C29 
C23— N22— C29 
C32— N31— C28 
C32— N31— H31 
C28— N31— H31 
C32— N33— C34 
C37— N36— C35 
N2— C3— C4 
N2— C3— H3 
C4— C3— H3 
C5— C4— C3 
C5— C4— H4 
C3— C4— H4 
C4— C5— CIO 
C4— C5— H5 
CIO— C5— H5 
C7— C6— CIO 
C7— C6— H6 
CIO— C6— H6 
C6— C7— C8 
C6— C7— H7 
C8— C7— H7 
Nl— C8— Nil 
Nl— C8— C7 
Nil— C8— C7 
N2— C9— Nl 
N2— C9— CIO 
Nl— C9— CIO 
C5— CIO— C9 
C5— CIO— C6 
C9— CIO— C6 
N13— C12— Nil 
N13— C12— C17 



117.38(11) 
117.13 (11) 
129.63 (11) 
115.2 
115.2 

116.49(12) 

117.14(12) 

117.94(11) 

116.70(12) 

132.02 (11) 

114.0 

114.0 

115.12(12) 
115.33 (12) 
125.08 (13) 
117.5 
117.5 

117.96(13) 

121.0 

121.0 

119.43 (13) 

120.3 

120.3 

120.20 (12) 

119.9 

119.9 

118.70(13) 

120.7 

120.7 

119.77(12) 
123.49 (13) 
116.74(12) 
114.86(11) 
121.80(12) 
123.33 (12) 
118.57(12) 
124.57(12) 
116.86(12) 
113.96(11) 
120.91 (12) 



C15— C14— H14 
N16— C15— C14 
N16— C15— H15 
C14— C15— H15 
N16— C17— C12 
N16— C17— H17 
C12— C17— H17 
N22— C23— C24 
N22— C23— H23 
C24— C23— H23 
C25— C24— C23 
C25— C24— H24 
C23— C24— H24 
C24— C25— C30 
C24— C25— H25 
C30— C25— H25 
C27— C26— C30 
C27— C26— H26 
C30— C26— H26 
C26— C27— C28 
C26— C27— H27 
C28— C27— H27 
N21— C28— N31 
N21— C28— C27 
N31— C28— C27 
N21— C29— N22 
N21— C29— C30 
N22— C29— C30 
C25— C30— C26 
C25— C30— C29 
C26— C30— C29 
N33— C32— N31 
N33— C32— C37 
N31— C32— C37 
N33— C34— C35 
N33— C34— H34 
C35— C34— H34 
N36— C35— C34 
N36— C35— H35 
C34— C35— H35 



118.7 

121.31 (13) 

119.3 

119.3 

121.52(13) 

119.2 

119.2 

124.57(14) 

117.7 

117.7 

118.61 (13) 

120.7 

120.7 

119.71 (13) 

120.1 

120.1 

120.52 (12) 

119.7 

119.7 

118.26(13) 

120.9 

120.9 

112.89(11) 
123.37 (12) 
123.73 (13) 
114.31 (11) 
123.03 (12) 
122.66(12) 
125.60 (12) 
117.65 (13) 
116.75(12) 
121.43 (12) 
121.48 (13) 
117.09(12) 
123.07 (13) 
118.5 
118.5 

121.93 (14) 

119.0 

119.0 
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Nil— C12— C17 


125.13 (12) 


N36- 


-C37- 


-C32 




123.07 (13) 


N13— C14— C15 


122.60 (13) 


N36- 


-C37- 


-H37 




118.5 


N13— C14— H14 


118.7 


C32- 


-C37- 


-H37 




118.5 


Hydrogen-bond geometry (A, °) 














Cgl is the centroid of the N22/C23-C25/C29/C30 ring. 












D — H—A 


D — H 




H-A 




D—A 




C27— H27-N33 


0.93 




1 %~\ 
i.jj 




Z.7J 1 O ^1 / ) 




C17— H17-N1 


0.93 




2.24 




2.8518 (17) 


123 


N31— H31-N2 


0.86 




2.14 




2.9396 (15) 


154 


Nil— H11-N22 1 


0.86 




2.23 




3.0766(15) 


171 


C26— H26-N16" 


0.93 




2.51 




3.3608 (17) 


152 


C15— H15-Cgl ffi 


0.93 




2.74 




3.472 (2) 


136 



Symmetry codes: (i) -x, -y+ 1 , -z; (ii) -x, -y+ 1 , -z+ 1 ; (iii) x,y+l,z. 
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